Estrutura e composição florística em área de Floresta Ombrófila Densa sob manejo florestal. O objetivo do presente trabalho é apresentar a fitossociologia e florística de um fragmento de Floresta Ombrófila Densa sob manejo florestal no município de Portel, Pará. Foram amostrados 6 conglomerados, divididos em parcelas secundárias e terciarias totalizando 120 unidades amostrais de 0,4 hectares cada, nas quais foram medidos todos os indivíduos arbóreos com diâmetro a altura do peito (DAP), a 1,30 m do nível do solo, acima de 10 cm além de realizar a identificação botânica e realizar os cálculos dos paramêtros de equabilidade e similaridade florística. Foram registrados 3.586 indivíduos, distribuídos em 42 famílias, 121 gêneros e 174 espécies. As famílias Fabaceae, Lecythidaceae e Sapotaceae foram as que obtiveram os maiores IVIF e a maior representatividade de indivíduos. As espécies Eschweilera coriacea (DC.) S.A.Mori., Vouacapoua americana Aubl. e Tetragastris altissima (Aubl.) Swart foram as que tiveram os maiores IVI e dentre os dez maiores resultados destacamos Syzygiopsis oppositifolia Ducke, Manilkara dardanoi Ducke com grande potencial madeireiro. A média do índice de diversidade de Shannon entre as parcelas foi de 3,82 e o da Equabilidade de Pielou 0,84 mostrando que a área apresenta alta diversidade florística além de possuir grande potencial para as atividades do manejo florestal. Palavraschave: unidades amostrais; diversidade; Amazônia Legal.
INTRODUCTION
Brazil is considered one of the most important countries when it comes to world biodiversity. The country comprises about one third of the world's tropical forests, which occupy an area of about 4.2 million km (DA SILVA et al., 2008) . These different forest environments are formed by a rich and varied flora, which is most of the time unique to each environment. Lowland Dense Ombrophilous Forest is the most representative forest formation within the Amazon biome, comprising about 65% of the total area. Its main characteristics include ombrothermal climate, i.e., climate with high temperatures and high rainfall; closed canopy formation, with trees from 25 to 30 m in height; DBH mostly above 40 cm; and high species diversity (OLIVEIRA et al., 2008) . Moreover, dystrophic latosols predominate in these environments and it is possible to observe the presence of families of pantropical dispersion, present throughout the continent, such as Fabaceae, Sapotaceae, and Lecythidaceae. The latter is considered typical, that is, with remarkable physiognomies in the places where it is presented (IBGE, 2012) .
Due to environmental degradation and lack of information about these forest formations, research is needed to seek knowledge about the local flora and its possible preservation (SILVA et al., 2014) . Floristic and phytosociological surveys are an important tool for studies of successional stages, since succession of forest species occurs in a continuity of floristic and structural changes that occur in the ecosystem. Moreover, research enables verifying the influences of anthropic actions on the type of forest formation studied (CONDÉ & TONINI, 2013) .
Floristic, phytosociological, and diameter distribution studies are necessary to understand the development of a forest, especially where there is great diversity. These studies contribute to the preservation, conservation and, if necessary, recovery of these areas .
Through several studies conducted in the Amazon, such as those carried out by Almeida et al. (2012) , Castro (2018) , and Condé and Tonini (2013) , it can be seen that lowland forest environments present a high diversity, with a large occurrence of rare species (few individuals of the same species) and with highly variable similarity values. Information obtained from these analyses are essential tools for recognizing the potential of the area and strategies for proper forest management (CASTRO et al., 2018) .
Proper forest management practices guarantee the preservation of natural resources, and thus the forest can develop over a long period of time without impairment to its cycle (ESPADA et al., 2015) . Brazilian Federal Law No. 11284/2006 complements that economic, environmental, and social benefits are obtained with forest management, without altering the mechanisms that sustain the ecosystem.
In this context, this study analyzes and discusses the structure and floristic composition of a Dense Ombrophilous Forest fragment under forest management in Portel city, Pará State.
MATERIALS AND METHODS

Study area characterization
The study area comprises a Dense Ombrophilous Forest fragment in Uberlândia Farm, located in the Alto Pacajá region, and covers 4 municipalities: Portel, Bagre, Baião, and Oeiras do Pará. The total area of the farm is 153,155.02 hectares. It belongs to the Martins Agropecuária S/A Group and is leased to the company LN Guerra Indústria e Comércio de Madeiras LTDA, which uses forest resources through reduced impact forest management practices since mid-2014. The property is located in a region whose climate is classified by Köppen as "Am", humid tropical (ALVARES et al., 2013) , characterized by monsoon rainfall and a short dry season, but with sufficient humidity to supply the rainforest. It receives 2,400 mm of rain annually, the average air temperature is 26 °C, and the relative humidity above 85%.
Dystrophic Yellow Latosol, with clayey texture, and concretionary dystrophic Yellow Latosol, also with clayey texture, are the predominant soils of the region. The property is located in the low Amazon plateau or Lower Amazon, a region of low plateaus with emergent vegetation (DOS SANTOS et al., 2013) .
Five types of forest formations were found in the property area, which were described and classified according to IBGE (2012) . The region where the study was conducted corresponds to a Dense Ombrophilous Forest, which occupies an area of about 42,242.04 ha. This vegetation type is characterized by dense, closed, and FLORESTA, Curitiba, PR, v. 49, n. 4, p. 793 -802, out/dez 2019. Ramos, Y. A. et.al (ALMEIDA et al., 2012) .
Sampling theory
As recommended by Queiroz et al. (2011) , the sampled units followed the Maltese-cross-shaped schematic drawing (as shown in Figure 2 Secondary and tertiary units were located using a compass, which measured the angles that delimited these units in the area. The reference for this delimitation was the central point of the primary units.
The area was sampled as a function of a certain percentage of the population area to be sampled, as described by Soares et al. (2006) . Thus, an initial N of 48 hectares (120 sample units x 0.4 hectares = 48 hectares) was obtained for the area in question, which corresponds to about 0.11% of the total area. An inventory was made for the primary units, in which all tree individuals with DBH (diameter at breast height) above 10 cm were measured. In addition to DBH, CH (commercial height) was visually estimated for each individual assessed.
During collection, species were identified only by their popular name with the help of a company employee. Subsequently, the scientific name of the collected botanical materials was confirmed by comparing them with exsiccates in the Herbarium of the Paraense Museum Emilio Goeldi (MPEG), Pará State. The names of the species and their respective authors and synonyms were updated from the List of Brazilian Flora Species (MARTINS & MRTINELLI,, 2013) .
Forest structural analysis
For forest structural analysis, all phytosociological parameters were calculated: Absolute and relative frequencies:
Where AF = absolute frequency of the ith species in the plant community; RF = relative frequency of the ith species in the plant community; ui = number of sampling units in which the ith species occurs; ut = total number of sampling units. Density, also known as abundance, which corresponds to the number of individuals of each species in the forest area formation; estimated in absolute and relative values, according to the expressions below:
= = 100
Where AD = absolute density of the ith species, expressed in number of individuals per hectare; n= number of individuals of the ith species in the sample; A = total sampled area, expressed in hectare; RD = relative density (%) of the ith species. Dominance, which is the estimate of the basal area of both the species and the forest area, expressed in hectare; obtained by the following expressions:
Where DoA = absolute dominance of the ith species, in m 2 /ha; BA = basal area of the ith species in the sampled area, in m 2 ; A = sampled area, in hectare; DoR = relative dominance (%) of the ith species. The importance value index (IVI) was calculated from the sum of the three relative parameters: frequency, density, and dominance.
= (RD + RFi + DoR)
Plot characterization
The Shannon-Weaver index (H') and Pielou evenness index (J') were used to estimate species diversity in each sampling plot:
The Sorensen index was calculated to determine the floristic similarity between the sampling plots, being given by the following expression: = 2 + Where SOij is the Sorensen index; c is the number of species common to both plots; a is the number of species occurring in plot 1; and b is the number of species occurring in plot 2.
The values obtained were interpreted by the unweighted pair group method using arithmetic averages (UPGMA), represented in a dendrogram that was obtained through the MVSP software, using the value of 0.80 for separation of the groups.
RESULTS
Floristic composition
The 30 species with the highest Importance Value Index (IVI) totaled about 71% of all individuals sampled, as shown in Table 1 , which also shows the level of extinction threat for each of these. In the 6 sampling units randomly distributed in the area, 3,586 individuals were found, distributed in 42 families, 121 genera, and 174 species. Of this total, 21 species were not identified. (609). Together, these three families correspond to 63% of the total individuals sampled. Table 1 shows that among the thirty species with the highest IVI, Eschweilera coriacea (Mata-matá), Vouacapoua americana (Acapu), Tetragastris altissima (Barrote), Syzygiopsis oppositifolia (Guajará bolacha), and Inga heterophylla (Ingá) were highlighted, with the highest representativeness in the sample units. In this study area, these five species were highlighted also due to their high values of relative density and dominance, that is, they have a much larger percentage of total individuals in the area.
Some species within the area were also shown to present a degree of threat, with Vouacapoua americana being in danger of extinction; Manilkara dardonai vulnerable to extinction; Syzygiopsis oppositifolia and Pouteria opposita almost endangered; and Hymenaea courbaril in a more comfortable situation regarding this threat. Figure 3 shows the phytosociological parameters of the ten species with the highest IVI. Together, these species correspond to about 40% of the total sampled individuals. The studied forest area was characterized by a large number of individuals concentrated in a few botanical families. Figure 4 graphically shows the ten families with the largest family importance value index (FIVI), highlighting Fabaceae (65.63%), Lecythidaceae (48.19%), and Sapotaceae (42.53%), which together make up about 52% of the total FIVI. About eighteen percent of the species observed in the studied area had only one individual, among them we can mention: Cedrela odorata L., Cordia sagotii I.M.Johnst, Licania rigida Benth, Brosimum alicastrum Swartz, and Pachira macrocalyx Ducke.
Ecological classification and species structure
Among the ten species with the highest IVI, we highlight Syzygiopsis oppositifolia -almost endangered, Manilkara dardanoi -vulnerable, and Couratari oblongifolia. Besides their ecological importance, these species have a commercial importance. Notwithstanding, the area is used for forest management purposes and, according to the legislation, these species should not be cut but rather preserved because they are endangered (BRASIL, 2014). 
Characterization of the sampling plots
The average H' index was 3.83, highlighting plot 6, which presented the highest value (3.95). The average J' index was 0.84, and plot 5 showed the best result, as can be seen from the data in Table 2 . Table 2 shows that the Shannon index, calculated for each plot, ranged from 3.61 to 3.95. The average diversity index between plots was 3.83.
The Pielou Evenness Index (J') showed a value above 0.80 in all plots, reaffirming the high floristic diversity in the studied area.
The diameter distribution behaved as expected for unequal forests, with a distribution curve resembling an inverted J ( Figure 5 ). One can also observe that there is a large concentration of trees in the first diameter classes (almost 79% of individuals per hectare up to a limit of 30 cm), with a reduction of this concentration in larger diameter classes. These population structure patterns, with many individuals in smaller classes and relatively few ones in large diameter classes, have also been found in many of the most common tree species in lowland forests (CARIM et al., 2013) .
The horizontal structure shows that 43.24% of the individuals are between 10-30 cm; 39.85% between 30-50 cm; and 16.91% are larger than 50 cm. The vertical structure, in turn, shows that 23.25% of the individuals are between 6-9 m in height; 55.39% between 11-13 m; 17.12% between 14-16 m; and 3.80% are higher than 17 m. The average DBH was 36.09 cm ± 14.47 cm, and the average total height was 11.35 m ± 2.78 cm. Figure 6 shows the dendrogram made for the plots using the pair group method (UPGMA) based on the Sorensen index. Two distinct groups were formed between the plots, where the first group consists of plots 5 and 6, and the second group comprises plots 1, 2, 3, and 4, indicating similarity between them. Figure 6 . Dendrogram obtained from the Sorensen Similarity Index for the presence and absence of species in the 6 sampling plots of the study area. Figura 6. Dendrograma obtido a partir do Índice de Similaridade de Sorensen, para os dados de presença e ausência das espécies, nas 6 parcelas amostrais da área de estudo.
Moreover, plots 5 and 6 were shown to be more similar than the others. These plots were the ones with the highest H' index values. Still observing the same figure, one can see that plot 4 was the most dissimilar from the others in the second group (plots 1, 2, 3, and 4).
DISCUSSION
Several botanical families found in the Amazon have high economic potential. Among them, species of families Fabaceae (882), Lecythidaceae (769), and Sapotaceae (609) stand out, since these families had the highest importance value indices (IVI) of this study. Studying a Dense Ombrophilous Forest area in Roraima State, Condé and Tonini (2013) found higher species richness concentration in the botanical families Fabaceae, Lecythidaceae, and Sapotaceae, with 1,883, 609, and 434 individuals, respectively, similar to the results found in this study. -14,9 15-19,9 20-24,9 25-29,9 30-34,9 35-39,9 40-44,9 45-49,9 50-54,9 55-59,9 60-64,9 65-69,9 70-74,9 75-80 In the present study, Fabaceae was the family with the highest species richness (48 species), which was also observed in other studies conducted in the Legal Amazon by Gonçalves and Santos (2008) , Carim et al. (2013) , Almeida et al. (2012) , and Oliveira et al. (2008) .
The most abundant species were Eschweilera coriacea, Vouacapoua americana, Tetragastris altissima, Inga heterofila, Syzygiopsis oppositifolia, Eschweilera odora, Pouteria laurifolia, Chrysophyllum lucentifolium, and Sagotia brachysepala, which together accounted for 39.34% of the sampled individuals. The basal area was 1.18 m²/ha for Vouacapoua americana; 1.34 m²/ha for Tetragastris altíssima; 0.58 m²/ha for Inga heterophylla; 1.49 m²/ha for Syzygiopsis oppositifolia; and 1.3 m²/ha for Eschweilera coriacea, accounting for 40.38% of the total sampled basal area (14.51 m²/ha). Despite their high density, Vouacapoua americana, Manilkara dardanoi, and Syzyogiopsis oppositifolia are considered endangered, vulnerable to extinction, and nearly threatened, respectively (MARTINS & MARTINELLI, 2013) , which can be explained since these species are of great commercial interest.
Thirty-one species (15.89% of richness) were represented by only one individual. These species accounted for 0.86% of the total individuals. The overall average for the variable DBH was 44.86 cm ± 21 cm, with CV = 47.8%. For commercial height, the overall average was 11.98 m ± 3 m, with CV = 28.51%. These are considered very high values, and classify the areas as heterogeneous. These species were also cited by Flores et al. (2012) when studying an annual production unit (UPA) in this same area. The authors found these same species by analyzing the 100% inventory.
Among the most harvested commercial species for wood production in Pará State is Eschweilera coriacea. This species, classified as a climax species, has high commercial value and is found in the area at a density of 11.05 ind./ha. This value is much lower than that found by Alvino et al. (2005) in Bragantina-PA (77 ind./ha). The authors observed this value in a secondary forest area with 30 years of succession. Belonging to a family farmer, the area was abandoned after successive annual cultivation of maize, cassava, and rice.
For Vouacapoua americana, also considered a climax species, density was 6.61 ind./ha. Moreover, the horizontal structure showed that 18.40% of the individuals are in the range of 10-30 cm; 44.60% between 30-50 cm; and 36.20% are larger than 50 cm. The vertical structure showed that 45.18% are between 6-10 m; 36.29% between 11-14 m; 14.57% between 14-16 m; and 3.96% are higher than 17 m. The average DBH is 45.87 cm ± 14.85 cm. Total height averaged 11.23 m ± 2.87m.
For species Tetragastris altissima, the horizontal structure showed that 5.89% of individuals had DBH between 10-30 cm; 36.21% between 30-40 cm; and 57.89% higher than 50 cm. Average DBH was thus 52.40 cm ± 12.90 cm. The average height was 10.07 m ± 2.57 m. This shade tolerant species, with a density of 6.06 ind./ha in the area, is of great relevance to forest ecology, performing well to establish new individuals and high survival rates (MEWS et al., 2012a) . Its wood can be used in civil construction and charcoal production, and its bark exudate can be used in essence production and for medicinal purposes (RIBEIRO et al., 2015) . In addition, the species has potential for studies aimed at identifying individuals for restoration of altered areas, demonstrating desirable characteristics to be indicated for forest management and recovery of degraded areas (MEWS et al., 2012) .
For species Syzygiopsis oppositifolia, with a density of 3.78 ind./ha, its horizontal structure showed 11.36% of individuals between 10-30 cm; 20.45% between 30-50 cm; and 65.90% of individuals with DBH higher than 50 cm, averaging 59.20 cm ± 19.77 cm. Its vertical structure, in turn, showed 19.31% of individuals between 6-10 m; 66% between 11-14 m; and 26.13% between 14-16 m, averaging 15 m ± 3.54 m.
The horizontal structure of Inga heterofila showed that 49.58% of individuals were between 10-30 cm; 31.70% between 30-50 cm; and 18.72% had a DBH higher than 50 cm. Its vertical structure, in turn, showed 61.21% of individuals between 6-10 m; 29.82% between 11-13 m; and 8.97% between 14-16 m in height. Average DBH and height were 35.27 cm and 10.18 m, respectively, with standard deviation of 17.55 cm and 2.35 m.
Diversity indices showed that the studied area presents a relatively high diversity, since the Shannon index was above 3.60 in all plots. Pielou evenness, in turn, was between 0.81 and 0.86, values already found in other studies for dense forest areas in the Amazon. Table 2 shows that the average diversity index between plots was 3.83, a better result than those of Silva et al. (2008) , who found a value of 2.71 in Manaus-AM, and Condé and Tonini (2012) , who found a value of 3.27 in Roraima State. Furthermore, Almeida et al. (2012) also studied a Dense Ombrophilous Forest area, managed in Santarem-PA, in the Legal Amazon, and obtained an H' index of 4.39, higher than that found in this study. This difference between tropical forests may occur because there is a greater dominance of some species within the community and a lower floristic homogeneity in terms of gender. For Pielou evenness (J'), the results of this study were similar to those found by Almeida et al. (2012) in Santarém-PA.
Although the diameter distribution resembled an inverted J ( Figure 5 ), this forest is not balanced, that is, the De Liocourt constant (q) does not remain the same throughout the diameter classes, with a large number of FLORESTA, Curitiba, PR, v. 49, n. 4, p. 793 -802, out/dez 2019 . Ramos, Y. A. et.al. ISSN eletrônico 1982 DOI: 10.5380/rf.v49 i4.59264 801 smaller and thinner individuals in the first diameter classes, indicating that there was anthropic disturbance/forest management in this area.
CONCLUSIONS
With the results obtained in this study, we can conclude that:
• The studied area has a high floristic diversity in the tree stratum. However, this large number of individuals is concentrated in a few families: Fabaceae (882), Lecythidaceae (769), and Sapotaceae (609). • The most structurally important species were Eschweilera coriacea (DC.) S.A.Mori, Vouacapoua americana Aubl., Tetragastris altissima (Aubl.), Syzygiopsis oppositifolia Ducke, and Inga heterophylla Willd., which together presented the highest IVI, totaling 39.34% of the individuals sampled. • Among the species with the highest IVI, Vouacapoua americana and Manilkara dardanoi should be preserved. It is suggested that they be used for restoration of the areas most affected by management, as they are endangered and vulnerable to extinction, respectively. • The stand diameter distribution followed the common pattern of unequal rainforests (inverted J-shaped curve), with a large concentration of individuals considered as stock individuals that are critical to the ecological functions of the forest. • The dendrogram showed great similarity between the plots and great homogeneity in the area.
